A prior study (13) from this laboratory showed that oxidation of exogenously applied indole-3-acetic acid (IAA) Most prior studies of IAA catabolism examined the in vitro oxidation of LAA by purified horseradish peroxidase (8) and by tissue homogenates (cf. 5, 16). Other workers studied the degradation of IAA applied to excised tissues (cf. 5, 16), and such studies demonstrated that IAA was oxidatively decarboxylated to 3-methyleneoxindole, 3-hydroxymethyloxindole, or indole-3-aldehyde. Recently, Waldrum and Davies (20) showed that much of the IAA decarboxylation in pea epicotyl segments occurred at the cut surface owing to the tissue's cell wall localized peroxidases. Thus, it is possible that the magnitude of the peroxidative route for IAA catabolism has been overemphasized owing to the localization of peroxidase in cell walls (cf. 20) and to the use of in vitro peroxidase assays. In our studies (3, 13), the IAA was applied to the cut endosperm surface of the germinating seedling where cut surfaces of living cells are minimal; and it is possible that this more natural route of application via nutritive tissue reveals the 2Abbreviations: OxIAA, oxindole-3-acetic acid; PFB, pentafluorobenzyl; FID, flame ionization detector.
Indole-3-acetic acid in the endosperm of germinating seedlings of Zea mays is formed and destroyed at about 96 pmol/h (3). Only 12 pmol/h of this turnover was accounted for by catabolic decarboxylation following application of [I-14CJIAA to the endosperm.
The major catabolite of IAA, which retains the carboxyl group, has recently been identified as OxIAA by demonstrating that [I-"4CJIAA is catabolized to [1-_4C] OxIAA2 by Z. mays endosperm (13) .
Most prior studies of IAA catabolism examined the in vitro oxidation of LAA by purified horseradish peroxidase (8) and by tissue homogenates (cf. 5, 16) . Other workers studied the degradation of IAA applied to excised tissues (cf. 5, 16) , and such studies demonstrated that IAA was oxidatively decarboxylated to 3-methyleneoxindole, 3-hydroxymethyloxindole, or indole-3-aldehyde. Recently, Waldrum and Davies (20) showed that much of the IAA decarboxylation in pea epicotyl segments occurred at the cut surface owing to the tissue's cell wall localized peroxidases. Thus, it is possible that the magnitude of the peroxidative route for IAA catabolism has been overemphasized owing to the localization of peroxidase in cell walls (cf. 20) and to the use of in vitro peroxidase assays. In our studies (3, 13) (7) . Purification was with LH-20 lipophilic Sephadex chromatography using 2-propanol:H20 (1:1, v/v) for elution. The UV spectrum, retention volume, and the HPLC retention time on a C18 Whatman Partisil 10 ODS column (25 x 0.46 cm) as the free acid and as the PFB ester were as previously reported for OxIAA which had been characterized by MS (13) . The radiological purity was estimated to be 95% as measured both by chromatography on a C, Extraction of Tissue. After harvesting, the tissue was placed onto solid CO2 and then stored at -20°C until used for extraction. Shoot or endosperm tissues were homogenized in a 4-liter Waring Blendor in sufficient acetone to make the final acetone:H20 concentration 7:3 (v/v). All assays were by an isotope dilution method, and typical experiments are as follows: 2.46 x 106 dpm of 10 ,uCi/,umol OxIAA was added to 394 g of harvested endosperm tissue, and 2.42 x 106 dpm of 10 ,LCi/,umol OxIAA was added to 2.2 kg of harvested shoot tissue. After homogenization, the acetone:H20 extract (7:3, v/v) was evaporated under reduced pressure to an aqueous solution. For the shoot extract, the aqueous phase was partitioned three times with chloroform, and the chloroform phase discarded. The aqueous phase was then acidified to pH 3 and partitioned with ethyl acetate. The ethyl acetate fraction was evaporated to near dryness and chromatographed on a 10-ml bed volume DEAE Sephadex column, washed with ethanol:H20 (1:1, v/v) and eluted with ethanol:H20 (1:1, v/v) with a gradient of 0 to 5% (v/v) acetic acid. Inasmuch as the purity of the samples varied between experiments, additional partitionings were sometimes required prior to the DEAE Sephadex chromatography. Tubes containing radioactivity, at the retention volume of OxIAA REINECKE AND BANDURSKI from the DEAE Sephadex chromatography, were pooled and taken to near dryness. The samples were resuspended in 2-propanol:H20 (1:1, v/v) and chromatographed on LH-20 lipophilic Sephadex and eluted with 2-propanol:H20 (1:1, v/v).
OxIAA from endosperm tissue was isolated as previously described (13) . The acetone extract from the endosperm contains yellow lipoidal material which was removed by partitioning of the OxIAA into n-butanol followed by chromatography with nonpolar solvents on DEAE cellulose. The samples were then chromatographed on a 5-ml bed volume DEAE Sephadex column followed by an LH-20 column as described for the shoot extracts. Both shoot and endosperm samples were then chromatographed on a 25 x 0.46 cm Partisil-10 ODS HPLC column and eluted with ethanol:H20 (1:4, v/v) containing 1% acetic acid (v/v). Radioactive fractions with the retention time of OxIAA were pooled and derivatized to the PFB ester (2) . The PFB ester was further purified on C18 HPLC and eluted with ethanol:H20 (43:57, v/v).
GC for the Determination of Specific Radioactivity. The specific radioactivity of the reisolated OxIAA was determined by a modification of the double standard isotope dilution assay previously described for the measurement of IAA (1, 11 (Fig. 1) ; and this was as expected, inasmuch as IAA was separated from OxIAA by LH-20 chromatography, and by both HPLC steps. The PFB-IAA of known specific activity was then mixed with the plant PFB-OxIAA to give similar peak areas with a FID. The ratio of peak areas of PFB-IAA to PFB-OxIAA, and the ratio of radioactivity in the peaks of PFB-OxIAA to PFB-IAA were then measured. Peak areas were measured by cutting and weighing photocopies of the GC tracings; and radioactivities were measured by scintillation counting of the collected radioactivity from the column with the FID extinguished, and corrected for counting efficiency. From these measurements, the specific radioactivity of the reisolated OxIAA was calculated by means of the following equation:
IAA peak area OxIAA dpm specific activity
OxIAA peak area IAA dpm of the IAA = specific activity of the OxIAA
The rationale of the double standard inethod for determination of specific activity has previously been described (1, 11 4-d-old seedlings of 27 pmol/shoot and 308 pmol/endosperm which are similar in magnitude to the levels of OxIAA observed in these experiments (Table II) .
To verify that the peaks measured by GC were PFB-IAA and PFB-OxIAA, the purified plant samples were also analyzed with a Hewlett-Packard 5985 GC-MS using a 3 m x 2 mm i.d. SP2250 column. The PFB-OxIAA plant sample had major 70 ev electron impact fragment ions at 371, 369, 181, 146, and 145 as did authentic PFB-OxIAA, and the PFB-IAA internal standard had major fragment ions at 355, 181, 130, and 103 as did authentic PFB-IAA (2, 13).
DISCUSSION
In Z. mays endosperm (13) and in root and shoot segments (12) , IAA is rapidly catabolized with retention of the carboxyl group. IAA catabolites which retain the carboxyl group, such as OxIAA, dioxindoleacetic acid, and their derivatives, have been reported in rice bran (9), Z. mays (10) , Vicia faba (19) , and Hygrophorus conicus (17) . We demonstrated a precursor-product relationship between IAA and OxIAA in the endosperm of Z. mays (13) by showing the oxidation of [I-14C]IAA to [I-_4C] OxIAA. The present work identifies OxIAA as a naturally occurring compound in both shoot and endosperm tissues. OxIAA occurs at levels similar to that of free IAA in these tissues with 49 pmol OxIAA/shoot and 27 pmol IAA/shoot, and 357 pmol OxIAA/kernel and 308 pmol IAA/kernel.
With the knowledge that (a) OxIAA is a naturally occurring compound in Z. mays shoot and endosperm tissues, (b) in vivo oxidation of IAA to OxIAA is a major pathway in endosperm tissue, and (c) OxIAA is generally inactive in growth promotion (6, 9, 18, 21)-although a contrary report has appeared (4), we postulate that the oxidation of IAA to OxIAA plays a role in the regulation of IAA concentrations and thus in the amount of IAAmediated growth. Further, there are kinetic reasons why the hormone may be destroyed simultaneously with its action, or shortly after its action, and thus knowledge of the mechanism and site of oxidation of IAA to OxIAA may be important in attaining an improved understanding of how IAA regulates growth.
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